Obese patients loss more weight with bariatric surgery than with medical weight loss treatment. The laparoscopic Roux-en-Y gastric bypass procedure results in more short term weight loss than laparoscopic adjustable gastric banding, but the latter has fewer postoperative complication and lower mortality rate; long term comparative data are currently lacking. The decision regarding which procedure to perform should be based on individual patient and surgeon factors. Early complications of gastric bypass surgery are bleeding, anastomotic leak, wound infection, thromboembolism, and anastomotic stricture. Longer term complication scan include marginal ulcers, bowel obstruction, gallstones, and nutritional deficiencies. Complication of adjustable gastric banding includes prolapsed and erosion. Patient typically loses more than 50% of their excess weight after bariatric surgery. Obesity related diseases markedly improve after bariatric surgery, reducing cardiovascular risk and improving life expectancy. Patient undergoing bariatric surgery must commit to a program of lifestyle changes, diet, vitamin supplementation, and follow-up.
Introduction
utcome of bariatric surgery are getting better all the time, as surgeons gain experience in performing these technically demanding procedures laparoscopically. The risks are not trivial, but they are acceptably low. The benefits: not only do patients lose weight and keep it off, now there are convincing data that many patients are cured of obesity related diseases, notably type 2 diabetes. In fact, the procedure may pay for itself within a few years by reducing medical costs due to obesity related illness. Best of all, the long term mortality rate seems to be lower for morbidly obese patients who undergo this surgery than for those who do not. Managing obesity related co-morbid conditions is challenging, expensive, and often unsuccessful unless the patient can lose a significant amount of weight. Obesity is now epidemic in the United States, affecting more than 60 million people, and the problem will worsen in coming years as the incidence of childhood and adolescent obesity rises 1 .
Who is eligible for bariatric surgery?
Candidates for bariatric surgery must have a body mass index (BMI) greater than 40 kg/m 2 or a BMI greater than 35 with significant obesity-related disease, according to the 1991 consensus guidelines from the National Institutes of Health (table I) 2 . Table II lists some of the major obesity-related diseases. Typical patients are between the ages of 18 and 60. However, carefully selected older patients and adolescents can also benefit from bariatric surgery, and the current indications will likely broaden as long-term data on various subgroups of patients mature. Other criteria for surgery: prior attempts to lose weight by non surgical means must have failed, and the patient O must complete a thorough, multidisciplinary preoperative evaluation designed to identify co-morbid conditions so that they can be optimally managed prior to surgery and to identify any contraindications to surgery. Patients must be able to comprehend the significant lifestyle changes required after surgery and comply with the postoperative program of diet, vitamin supplementation, and follow-up. Patients who cannot tolerate general anesthesia because of cardiac, pulmonary, or hepatic insufficiency cannot undergo bariatric surgery. Patients who have ongoing substance abuse or unstable psychiatric illness are poor candidates. Most importantly, patients must understand that bariatric surgery is not a quick fix. Rather, it is a very powerful tool that, in conjunction with appropriate food choices and physical activity, can produce significant weight loss, resolve co-morbid conditions, and prolong 1ife 3, 4 .
What procedures are being performed today?
The weight-loss procedures in use today range from placement of an intragastric balloon (the least invasive option) to open biliopancreatic diversion (the most invasive). Bariatric procedures are classified according to their mechanism of action: restrictive, malabsorptive, or a combination of restrictive and malabsorptive ( Figure  1 ).
Restrictive procedures: are so called because the surgeon creates a small gastricpouch with a narrow outlet that restricts the amount of food that the patient can eat at one time. The two restrictive procedures most often performed are vertical banded gastroplasty and laparoscopic adjustable gastric banding.
Vertical banded gastroplasty was developed in 1980 but only 5% of bariatric surgeons still perform it; many patients had long-term complications that necessitated another operation, and long-term weight loss was small [5] [6] [7] [8] [9] . Laparoscopic adjustable gastric banding has the advantage of using an adjustable inner collar that allows one to fine-tune the size of the outlet to minimize side effects and maximize weight loss. It was approved for use in the United States in 2001 and now is the second most commonly performed bariatric procedure, after the Roux-en-Y gastric bypass.
Malabsorptive procedures: bypass a segment of the small intestine so that less food is absorbed. Biliopancreatic diversion was developed in 1979 by Scopinaro et al, 10 and is performed at specialized centers using the open and laparoscopic techniques. The duodenal switch, a modification of the biliopancreatic diversion, was developed to decrease the incidence of dumping symptoms and anastomotic ulceration seen with biliopancreatic diversion. It too can be performed laparoscopically. These procedures are technically demanding to perform, and many patients develop nutritional deficiencies afterward. Therefore, they account for only about 5% of bariatric procedures performed in the United States.
Combination procedures, eg, the Roux en-Y gastric bypass, use both mechanisms to achieve weight loss. In this procedure, which can be performed either laparoscopically or as open surgery, food intake is restricted by creating a small (15-30 mL) gastric pouch, and absorption is limited by bypassing the proximal intestine with a Roux limb (Figure 1 
Anastomotic leak
Anastomotic leak is a dreaded complication of Roux-en-Y gastric bypass and carries a mortality rate of up to 30% when it occurs. The incidence after laparoscopic Roux-en-Y gastric bypass ranges from 0% to 4.4%. Leakage from the gastrojejunal anastomosis can be contained or can result in diffuse peritonitis. Technical failures of the anastomosis manifest in the early postoperative period with rapid clinical deterioration, but most leaks occur around 5 days after surgery and result from perforation of an ischemic area at the anastomosis. Major complications often present with subtle signs in these patients, and physical findings that confirm peritoneal irritation are the exception rather than the rule when an abdominal catastrophe is developing. Often, tachycardia is the only presenting sign of an anastomotic leak. A heart rate greater than 120 should prompt an investigation, even if the patient looks and feels well. Tachypnea or decreasing oxygen saturation can also signal early sepsis from a leak, and this presentation may be clinically indistinguishable from a pulmonary embolism. Surgeons or internists caring for bariatric patients should aggressively evaluate any postoperative fever, tachycardia, or tachypnea, and the patient should return to the operating room early if diagnostic tests are inconclusive but clinical suspicion for a leak is high. If a patient is diagnosed with a contained leak on computed tomography or an upper gastrointestinal study and is clinically stable, nonoperative management with adequate drainage, bowel rest, and antibiotics may be appropriate.
Wound infection
Wound infection after laparoscopic Roux-en-Y gastric bypass occurred in fewer than 5% of cases in most series. In a pooled analysis, Podnos et al 20 found that wound infections occurred in 97 (2.9%) of 3,258 laparoscopic cases, compared with 34 (6.6%) of 513 open cases (P < .001). Laparoscopic port site infections are easy to manage with a short course of antibiotics and wound care and are less serious than open wound infections. The laparoscopic approach eliminates the risk of wound dehiscence or evisceration.
Thromboembolism
Obesity is a risk factor for venous thromboembolism in general surgery patienrs 22 . The higher the BMI, the higher the risk of venous thromboembolism in patients undergoing abdominal operations, even with low-dose heparin prophylaxis 23 and obesity is an independent predictor of recurrent venous thromboembolism 24 . Morbid obesity is associated with elevated levels of fibrinogen, factor VII, factor VIII, von Willebrand factor, and plasminogen activator inhibitor and some evidence suggests a link between inflammatory mediators, central obesity, and a pro coagulant state 25 . The rate of deep vein thrombosis after laparoscopic Roux-en-Y gastric bypass with thromboprophylaxis ranges from 0% to 1.3%, and the rate of pulmonary embolism ranges from 0% to 1.1 %. Pulmonary embolism and anastomotic leak are two major causes of death after Roux-en-Y gastric bypass, and pulmonary embolism accounts for 50% of postoperative deaths. During laparoscopic surgery the peritoneum is inflated, which increases the abdominal pressure and impedes venous return, increasing the risk of deep vein rhrombosis. 26 On the other hand, laparoscopic surgical patients can get up and walk sooner after surgery than patients who undergo open surgery, which should decrease the risk. In pooled data comparing 2,771 open and 3,464 laparoscopic surgical cases, there were no differences in clinically significant thromboembolic events (0.78% vs 0.41 %, P = .09) 20 . Currently, the American College of Chest Physicians (ACCP) recommends routine perioperative thromboprophylaxis for patients at increased risk but provides no specific recommendations for bariatric surgery patients. A survey found that more than 95% of bariatric surgeons used routine deep vein thrombosis prophylaxis and 38% used a combination of two or more methods of prophvlaxis 27 . These patients should be treated as high risk general surgery patients, and should receive thrornboprophvlaxis according to the ACCP guidelines with low-dose untractionat ed heparin 5,000 U twice a day or low-molecular-weight heparin up to 3,400 U once daily (grade 1A evidence) with the addition of leg compression devices if multiple risk factors are present (grade 1C evidence). Preoperative placement of inferior vena cava filters in high-risk bariatric patients is controversial, but it should be considered in patients with known risk factors for fatal pulmonary embolism including venous stasis disease, obesity hypo ventilation syndrome, BMI 60 or greater, prior thromboembolism, or a known hypercoagulable state 28, 29 .
Anastomotic strictures
Anastomotic strictures develop at the gastrojejunostomy after laparoscopic Roux-en-Y gastric bypass in 2% to 16% of cases. The rate of this complication largely depends on the surgeon's experience and the technique used to create the anastomosis. The gastrojejunosto my can be hand-sewn (resulting in the lowest stricture rate) or created with a linear stapler or a circular stapler (resulting in the highest stricture rate). Larger studies (with> 100 patients) reported stricture rates of less than 6%; these series included all three techniques [12] [13] [14] [15] [16] 30, 31 . Strictures typically present within the first 3 months after surgery with nausea and vomiting. Most strictures result either from ischemia at the anastomosis due to tension on the Roux limb or are associated with a marginal ulcer. About 85% of anastomotic strictures are managed with a single endoscopic dilation 30 . Seventeen percent require a second dilation, and in a study by Nguyen et a1 32 , only 1 of 29 patients with a stricture required a third endoscopic dilation.
Marginal ulcers
Marginal ulcers are postsurgical ulcers that occur at the gastrojejuna1 anastomosis, usually on the jejunal side. Marginal ulcers may be related to tension or ischemia on the anastomosis and have also been associated with foreign material (staples or nonabsorbab1e sutures), nonsteroidal antiinflammatory drug (NSAID) use, excessive acid exposure in the gastric pouch due to gastrogastric fistula, and smoking. Patients present with abdominal pain, vomiting, and bleeding or anemia. The incidence of marginal ulcer after 1aparoscopic Roux-en-Y gastric bypass surgery ranges from 0.7% to 5.1 %. This complication is treated with acid suppression therapy and by stopping the offending agent (NSAID, tobacco). Rarely, anastomotic revision is required for a refractory ulcer.
Bowel obstruction
Bowel obstruction after Roux-en-Y gastric bypass can result from adhesions or internal hernias. Fewer intra-abdominal adhesions form after 1aparoscopic surgery, presumably because there is less tissue trauma and bowel manipulation; this may allow for more internal hernias to develop in a 1aparoscopic approach (due to fewer adhesions, more morbile loops of bowel that can herniate through a mesenteric defect or band) but may decrease the incidence of adhesive obstructions compared with an open procedure. In 10 large 1aparoscopic Roux-en-Y gastric bypass series, 20 bowel obstruction occurred in 3% of patients. To reduce the incidence of internal hernias, the mesenteric defects are carefully closed during the procedure. Patients with intermittent, crampy abdominal pain that occurs months to years after gastric bypass should be referred back to their bariatric surgeons for evaluation. We typically perform exploratory 1aparoscopic surgery in these patients to look for mesenteric defects or internal hernias.
Cholelithiasis is common
Weight loss after gastric bypass surgery is accompanied by a rise in incidence of gallstones: 38% to 52% of patients develop stones within 1 year of surgery, 33, 34 . Between 15% and 28% of all patients, irrespective of gallstone status at the time of gastric bypass, require urgent cholecystectomy within 35 . The disadvantages of this approach include the potential of performing an unnecessary procedure and the risks (bleeding, bile duct injury, prolonged operative time) of performing a concomitant procedure in a morbidly obese patient. Hamad et a1 37 confirmed the safety of performing combined 1aparoscopic cholecystectomy and gastric bypass in patients with asymptomatic cholelithiasis, but patients undergoing the combined procedure had an operative time that was 50 minutes longer and a hospital stay nearly twice as long compared with patients who underwent 1aparoscopic Roux-en-Y gastric bypass only. Patients with asymptomatic stones are observed, and those without cholelithiasis are prescribed ursodiol 600 mg daily by mouth for the first 6 months after the procedure, which significantly reduces the incidence of gallstone formation (2% vs 32% with placebo, P < .01) 33 .
Nutritional deficiencies
Because the stomach and duodenum are bypassed, iron, vitamin B I2 , and other micronutrient deficiencies can occur after standard gastric bypass 38 . Taking a single multivitamin tablet alone is insufficient to prevent iron and vitamin B 12 deficiencies after laparoscopic Roux-en-Y gastric bypass. Iron deficiency occurs in 13% to 52 % of patients within 2 to 5 years after surgery, and supplementation with iron can reduce iron deficiency significantly. Up to 37% of patients who are prescribed a multivitamin after surgery still develop vitamin B 12 deficiency. Once a specific deficiency is identified during follow-up, additional supplementation is indicated. Calcium absorption in the duodenum and jejunum and vitamin D absorption in the jejunum and ileum are impaired after Rouxen-Y gastric bypass as well. Calcium deficiencies can occur in up to 10% of patients, and vitamin D deficiency in up to 51 %, depending on the length of the bypass 38 . These deficiencies can lead to secondary hyperparathyroidism and can result in increased bone turnover and decreased bone mass as early as 3 to 9 months after surgery 39 . Series that reported nutritional deficiencies after gastric bypass varied greatly in terms of vitamin supplementation regimens. In a survey of 109 bariatric surgeons 40 , 96% said they prescribed multivitamins after Roux-en-Y gastric bypass, 63 % prescribed iron, and 49% prescribed vitamin B 12 . Surveillance for deficiencies and patient compliance vary as well, although most bariatric surgeons recommend annual blood testing. They obtain a complete blood count and iron and B 12 levels before surgery, 6 months and 1 year after surgery, and yearly thereafter. They recommend routine daily supplementation with a multivitamin, iron, vitamin B 12 , and calcium. 20 in their review found a lower mortality rate in laparoscopic patients. In laparoscopic Roux-en-Y gastric bypass series with more than 100 patients, the mortality rate ranged from 0% to 0.9% 12, [14] [15] [16] 41 . The risk of death after gastric bypass surgery increases with age. Livingston et a1 42 found that patients older than 55 years had a threefold higher mortality rate compared with younger patients, despite similar complication rates. 42 Sepsis was the leading cause of death in the older patients. In a review of 16, 155 Medicare patients who underwent bariatric surgery (81% Rouxen-Y gastric bypass), Flum et a1 49 found that older age, male sex, and lower surgeon volume were associated with a higher risk of early death. Overall, the 30-day all-cause mortality rate was 2.0%, and the 90-day rate was 2.8%. For patients older than 65 years, these rates increased to 4.8% and 6.9%, respectively, and were significantly higher than in younger patients (1.7% and 2.3%). This increase in risk after age 65 is consistent with that after other major gastrointestinal and cardiovascular operations. A review of 60,077 Californians who underwent Roux-en-Y gastric bypass between 1995 and 2004 demonstrated mortality rates more consistent with published case series (0.33% at 30 days and 0.91 % at 1 year) 51 .
Peri operative mortality

Complication of laparoscopic adjustable gastric banding
The risk of death with laparoscopic adjustable gastric banding is the lowest for any bariatric surgery performed today, making it an attractive option for many surgeons and patients. In the meta-analysis of Buchwald et al 3 , all restrictive procedures had an operative mortality rate (s 30 days) of 0.1 %. In a review of the international literature, Chapman et a1 45 compared the safety and efficacy of laparoscopic adjustable gastric banding, vertical banded gastroplasty, and Roux-en-Y gastric bypass. The operative mortality rate was 0.05% for laparoscopic adjustable gastric banding, compared with 0.5% for Roux-en-Y gastric bypass. Early postoperative complications occur in 0.8% to 12 % of patients [46] [47] [48] [49] [50] [51] . Bleeding after laparoscopic adjustable gastric banding is rare, occurring in only 0.1 % of cases. 46, 47 . Given that no anastomoses are formed during this procedure, no anastomotic leaks can form. Iatrogenic bowel perforation during the procedure occurs in 0.5% of cases 46 . Wound infection rates are similar to those with laparoscopic Roux-en-Y gastric bypass and, like other laparoscopic wound infections, are easily managed with minimal morbidity. The risks of deep vein thrombosis (0.01 %-0.15%) or pulmonary embolism (0.1 %) after laparoscopic gastric banding are lower than for other bariatric procedures. 46, 50 . This may be related to patient selection or shorter operative times. However, band-related complications can occur in the early postoperative period or years after the procedure. The placement of a silicone prosthesis in the abdomen carries with it a unique set of mechanical complications not seen with other bariatric procedures. The range of complication rates reported in selected large case series of laparoscopic adjustable gastric banding is shown in Table3 12, [14] [15] [16] [17] [18] [19] 41, [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] . In a systematic review of the international literature that included 64 studies and 8,504 patients, Chapman et a1 45 reported tube or port malfunction requiring reoperation in 1.7% of cases, band erosion into the gastric lumen in 0.6%, and pouch dilation or band slippage in 5.6%. Overall, complications requiring reoperation can occur in up to 18% of patients, but complications decrease as experience with this procedure increases. In a series of 1,120 patients, O'Brien and Dixon reported a low incidence of early major complications (1.5 %) but higher rates of late complications. Prolapse occurred in 25% and erosion occurred in 3% of their first 500 patients. In their last 600 patients, prolapse occurred in 4.7% of patients and there were no erosions 49 . Table 3 compares complication rates in large case series of 1aparoscopic Rouxen-Y gastric bypass and 1aparoscopic adjustable gastric banding.
Benefits of bariatric surgery Weight loss
Weight loss after bariatric surgery is typically expressed as the percentage of excess weight lost-excess weight defined as the number of pounds above the patient's ideal body weight. In the meta-analysis of Buchwald et a1, 3 excess weight loss for all bariatric procedures combined was 61 %. Analyzed by procedure, excess weight loss was highest after biliopancreatic diversion (70%), followed by gastrop1asty (68%), gastric bypass (62 %), and gastric banding (48%) 3 . Excess weight loss at 1 to 5 years after 1aparoscopic Roux-en-Y gastric bypass is similar to that with the open procedure and ranges from 68% to 80% 12, [14] [15] [16] [17] [18] [19] 41, 52 . Durable weight loss after open Roux-en-Y gastric bypass has been demonstrated up to 14 years 61 . Superobese patients (BMI > 50) have less excess weight loss than patients with lower BMIs after standard Rouxen-Y gastric bypass. Excess weight loss after Roux-en-Y gastric bypass and laparoscopic adjustable gastric banding is shown in Table 4 12,14-19,31,41,48-49,51,52,62-64 . Patients typically lose less weight after 1aparoscopic adjustable gastric banding than after 1aparoscopic Rouxen-Y gastric bypass and lose it more gradually (the peak excess weight loss is at 2 to 3 years vs 12 to 18 months with 1aparoscopic Roux-en-Y gastric bypass). However, Chapman et a1 45 reviewed the international literature and found that weight loss at 4 years was similar with both procedures. The success with 1aparoscopic adjustable gastric banding in Europe and Australia was not reproduced in most early US trials. Some recent US studies of 1aparoscopic adjustable gastric banding have approached the success rates seen in international studies, though, including a report of 1,014 laparoscopic adjustable gastric banding procedures with 64% excess weight loss at 4 years 65 . Morbidly obese patients lose less weight with medical therapy than with bariatric surgery. Medical weight-loss therapy consisting of diet modification, exercise, behavioral therapy, and pharmacotherapy can be effective in the short term, particularly when used in combination, but recidivism rates approaching 100% are typical among morbidly obese patients. In a metaanalysis of the US literature, lowcalorie or very-low-calorie « 800 calories/day) diets resulted in the loss of 2.1 % and 6.6% of total body initial weight, respectively, after 5 years 66 . At 1 to 2 years, behavioral therapy results in 8% to 10% total body weight loss, but patients return to their baseline weight without continued behavioral intervention. Currently, two weight-loss agents are approved for long-term use. Sibutramine suppresses appetite by inhibiting reuptake of serotonin, norepinephrine, and dopamine. At 1 year, average weight loss with sibutramine in combination with a lowfat, low-calorie diet is 5.5% of total weight, and in a meta-analysis of randomized controlled trials, patients receiving sibutramine had a 4.6% greater weight reduction than those taking placebo 67 . Orlistat acts by competitively inhibiting intestina11ipase and blocking the absorption of approximately 30% of dietary fat. Average total body weight loss at 1 year is 7.6%, and a 4-year trial reported an average weight loss of 5.2% 68 . In a meta-analysis of 11 randomized controlled trials, patients receiving orlistat lost 2.9% more weight than patients receiving placebo. This drug typically provides an additional 2-kg weight loss over behavioral therapv alone 69 . 80 . Assessments of quality-adjusted lifeyears have also been conducted and favor bariatric surgery over nonsurgical treatment of obesity 78 .
Resolution of comorbidities
The future
As new technologies emerge, bariatric surgery will undoubtedly change. Endoluminal approaches to bariatric surgery utilizing flexible endoscopy are being investigated. These techniques may further decrease the risk associated with bariatric surgery. 
